Background: Idiopathic osteoarthritis of the trapeziometacarpal (TMC) joint is common. Spontaneous attenuation of either the anterior oblique ligament (Beak ligament) or the dorsoradial ligament has been reported as the cause of the joint laxity, resulting in subsequent wear and tear of the articular cartilages. So far, no cause has been reported for the spontaneous attenuation of these key supporting ligaments of the TMC joint and no effective method of prevention or treatment has been reported for the early stages of the condition. Objectives: The authors reported a conservative method for the prevention as well as reversal of the early stages of the joint instability before the process of wear and tear sets in and the condition progresses towards osteoarthritis. Materials and Methods: A retrospective study was performed on 17 patients with early stages of idiopathic TMC joint osteoarthritis. The patients were treated through a conservative management protocol with an average follow-up of 28.4 months. The protocol consisted of performing specifically devised isometric exercises and a functional abduction brace. Results: The result of the conservative treatment was postural correction of the thumb, anatomical stability of the TMC joint and resolution of the symptoms as well as findings including pain, swelling and joint dorsoradial translation. The mean pain score of the patients was 3.6 before the treatment was begun and was zero after the treatment was completed.
Background
Idiopathic osteoarthritis of the Trapeziometacarpal (TMC) joint is common. Spontaneous attenuation of either anterior oblique ligament (Beak ligament), as described by Lane and Eaton et al. (1) or dorsoradial ligament, as described by Lin et al. (2) have been considered to be the initial causes of the joint instability, which result in the subsequent wear and tear of the articular cartilages (2) (3) (4) (5) (6) . No effective method of prevention or treatment of the early stages of the condition has been so far presented (7) (8) (9) (10) .
This condition appears in 16% of middle-aged females and 5% of middle-aged males (4) . It also appears in those who perform job activities that require repetitive side pinch of the thumb.
Biomechanically, TMC join is a double ginglymus joint that allows the abduction/adduction, flexion/extension and apposition (pronation) of the thumb (11) (12) (13) . The stability of the joint during the full range of motion is provided by a "force nucleus", formed by four ligaments (ulnar collateral ligament, first intermetacarpal ligament, anterior oblique ligament and dorsoradial ligament), the most important of which is the dorsoradial ligament. During the range of motion, these ligaments become taught in a sequential way to maintain the joint stability at all times. The dynamic stability of the TMC joint is not guaranteed by the joint configuration or the static resistance of the ligaments. It is the dynamic force of the muscles crossing the joint that is essential for a strong and durable stability (14, 15) .
The abductor pollicis longus and extensor pollicis brevis (extrinsic muscles) and opponens pollicis and abductor pollicis brevis (intrinsic muscles) are the joint dynamic stabilizers (16) (17) (18) (19) . Their stabilizing force maintains the TMC joint toward extension, abduction and apposition, which protects the joint from the dorsoradial translation force. However, there is a joint destabilizing force provided by the adductor pollicis (an intrinsic muscle) which levers the base of the first metacarpal in the direction of its dorsoradial translation. This is the same force that radially displaces the shaft of the first metacarpal in a Bennet fracture. The destabilizing force of the adductor pollicis is efficiently neutralized by the strength of the stabilizing muscles.
Pathomechanically, attenuation of the key ligament initiates the joint laxity and the gradual dorsoradial translation of the proximal end of the first metacarpal over the trapezium. As a result, laxity of the joint capsule appears.
Clinically, during power grasping, a normal thumb is flexed over clenched fingers in apposition, similar to a fist making (Figure 1 A) . However, power grasping in patients and individuals predisposed to TMC joint laxity is performed with the thumb resting on the side of the clenched fingers, similar to a side-pinch (Figures 2 A and 2B) with their hand dropped into an ulnar deviated position when at rest (Figure 3 A) . The patients' TMC joint, in time, progresses toward a subluxated position with the base of the first metacarpal protruding as a bony prominence at the dorsoradial aspect of the joint (Figure 3 B) .
Figure 1. Normal Thumb Position in Power Grasping
A, correct fist making with thumbs in full apposition/abduction/flexion; this also demonstrates the "fist making" exercise; B, sustained forceful thumb abduction exercise to follow each episode of "fist making"; C, "self-shake hands" exercise for the left thumb. As noted, the four fingers of the right hand provide the maximum abduction of the left thumb through separation of the thumb from the index finger.
This characteristic fist making with adducted position of the thumb performed by potential individuals for TMC joint laxity (Figures 2 A and 2B) can be used as a clinical diagnostic test to predict a pending condition. During the examination, the patients are asked to make a fist with their bilateral hands. The normal fist making can be seen in Figure 4 A. The abnormal habitual fist making can be seen in Figure 2 A.
To prevent or treat the early stages of the TMC joint instability and subluxation, a two-pronged approach was adopted. One approach was to avoid stretching of the key ligament for which a low profile functional brace was designed and used ( Figure 4 ). The brace would allow the normal function of the involved thumb and hand while maintaining the TMC joint in reduction at all times. The patients were advised to use the brace at day time as well as at night time. The other approach was to strengthen dynamic stabilizers of the TMC joint for which specific isometric exercises were devised and used by the patients, as follows: The exercises were performed at least three sessions a day. During the sessions, each exercise was performed with a sustained maximum contraction force held for 10 seconds and was repeated for six sets of 10 repetitions. For the patients with persistent pain in the TMC joint, concomitant use of an oral anti-inflammatory medication or intra-articular steroid injection alleviated the pain and allowed the exercises to continue without interruption.
With persistence in performing the two-pronged regimen, the key ligament, which is at the state of elastic deformation, will not be stretched any longer and, in time, its spontaneous shrinkage will take place while the stabilizing muscles become stronger. As a result, the base of the first metacarpal would return permanently to its anatomical position and the thumb and wrist would regain their normal postures ( Figure 6 ). A, the volar view; B, the dorsal view; C, the side view; D, the brace has two components: one is a removable elastic wrist brace with Velcro attachment. The other is an elastic strap permanently attached to the volar aspect of the elastic wrist brace with its dorsal end left free for Velcro attachment to the dorsal aspect of the wrist elastic brace. This allows the thumb to freely move through a full range of opposition. For application, the strap is stretched to the patients' comfort while the thumb is securely maintained in abduction. E, demonstration of full apposition of the thumb against all fingers; F, volar view of full fist making; G, lateral view of full fist making. 
Objectives
Thus far the issue of causation for idiopathic osteoarthritis of the TMC joint has not been conclusively investigated and described in the literature. The objectives of this clinical investigation have been to delineate the cause of this saddle entity through its related anatomopathological and biomechanical considerations. Also, to present a new effective method for the prevention as well as its treatment at the early stages based on the findings.
Materials and Methods
All the patients gave informed consents prior to being included into the study. The study was authorized by the local ethical committee and was performed in accordance with the ethical standards of the 1964 Declaration of Helsinki as revised in 2000.
A retrospective study was performed on 17 patients diagnosed with the early stages of idiopathic TMC joint osteoarthritis in whom factors such as age, gender, occupation and physical habits involving the hands as well as the location and duration of the symptoms were considered. The patients were seen during a period beginning May 2000 and ending April 2010. The patients' evaluation included history of the symptoms, physical examination and radiographic studies as well as duration of the patients' follow-up. There was no history of a prior specific injury to either of the patients' thumbs. The patients' age ranged from 57 to 73 years with a mean of 66 years. There were 12 females and five males. Their initial symptom was pain in the base of the thumb, which increased with repeated or forceful use of the thumb. The duration of their symptom ranged 6 -20 months. On examination, the TMC joint showed tenderness with a demonstrable laxity, allowing some degree of reproducible dorsoradial translation of the base of the first metacarpal. Roberts view X-rays taken revealed mild to slight joint subluxation with no clinically significant arthritic changes (stage I of Eaton-Littler classification or stage 0 of Comtet et al.) (19) . The diagnosis was established through the history, symptoms, and clinical and radiographic objective findings.
The patients were treated with the use of a low profile functional abduction/apposition brace and specifically devised isometric exercises. The patients were checked monthly. A pain scoring system was used to quantify the level of their symptoms before their treatment was initiated and after the treatment was completed ( Table 1) .
The patients' follow-up period was started after they had become symptom free. Their mean follow-up period was 28.4 months.
Results
Before the treatment was initiated, the mean pain score for the patients was 3.6. After the completion of the treatment, all 17 patients were symptom free. The last Roberts X-ray view of all the patients' involved thumbs revealed anatomical reduction of the TMC joint ( Figure 6 ). The patients' demographics are summarized as follows (Table 2) :
Subsequent to the completion of the patients' conservative treatment, no patient showed recurrence of symptoms to require any treatment modality, including surgery. Table 1 a Type of treatment is conservative treatment included thumb postural training through the use of a functional abduction/apposition brace, specifically devised isometric exercises and occasional use of steroid injection or oral nonsteroidal anti-inflammatory drugs (NSAIDs).
Discussion
Spontaneous attenuation of the key stabilizing ligament of the TMC joint is currently accepted as the first pathological change which finally results in osteoarthritis of the joint. So far, no specific cause has been presented for this spontaneous attenuation of the anterior oblique (AO) or dorsoradial ligament, referred to as key stabilizing ligaments. A long-standing habitual adduction posture of the thumb is presented by the authors as the potential cause of the spontaneous attenuation of the key ligament. The long standing adducted posture of the thumb maintains the TMC joint key ligament at a relaxed position and allows its ongoing atrophy and attenuation. The position places the adductor pollicis muscle in mechanical advantage for a gradually occurring over activity of the muscle, the only destabilizing force of the TMC joint. Concomitantly, sustained adducted posture of the thumb causes progressive weakness of the TMC joint stabilizing muscles. As a result, the overly active adductor pollicis force would lever the base of the first metacarpal towards dorsoradial translation and subluxation. However, this theory is not yet proven and further studies are needed to substantiate the described theory.
So far, the focus of any conservative treatment for the early stages of the condition has been palliative, with no specific measure to stop or reverse the progressive pathology of the TMC joint. The authors emphasized on early detection of the habitual adduction posture of the thumb and presented effective conservative measures which can either eliminate the attenuation of the key ligament at its early stages or reverse the process of the joint laxity and subluxation before the attenuation reaches the state of plastic deformation.
To regain the normal posture of the thumb with sustained anatomical reduction of the TMC joint, a combination of specifically designed low profile functional brace and specifically devised isometric exercises were used. The authors postulated that the reason for reversal of the key ligament attenuation is the fact that at the early stages of the condition, the stretched and attenuated key ligament is at the state of reversible elastic deformation. Therefore, shrinkage of the ligament can occur through a sustained reduction of the TMC joint that maintains the key ligament at a relaxed position. The gradually contracted ligament, supported by the force of progressively strengthened stabilizing muscles, provides a permanently stable joint reduction. In the late stage of the condition, the stretched attenuated key ligament has already reached the irreversible state of plastic deformation. Therefore, only surgical reconstruction of the ligament, as reported by various authors can overcome the deficiency (1, 6, (20) (21) (22) (23) (24) (25) .
In conclusion, encouraging results were obtained in reversal of the early stages of the TMC joint osteoarthritis in 17 symptomatic patients through the presented conservative method. Such results warrant the use of the method for the treatment of the early stages of the condition and for the prevention in all the individuals whose hands show the potential for developing the condition, as can be noted in their habitually adducted thumb posture.
